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1 
This invention relates fo petroleum emulsions 
of the water-in-oil type that are commoniy re- 
ferred fo as "cut oil," "roily oil," "emulsified off," 
etc., and Which comprises fine droplets of natur- 
aly-occurring waters or brines dispersed in a 
more or less permanent state throughout the off 
which constitutes the continuous phase of the 
emulsion. 
One object of my invention is t0 provide a novel 
process for breaking or resolving emulsions of the 
kind referred to. 
Another object of my invention is fo provide 
an economical and rapid process for separating 
emulsions which bave been prepared under con- 
troled conditions from mineral off, such as crude 
oil and relatively soft waters or weak brines. 
Controlled emulsification and subsequent demul- 
siflcation under the conditions just mentioned, 
are of signiflcant value in removing impurities 
particularly inorganic salts from pipeline off. 
Demulsification as contemplated in he present 
application includes the preventive step of com- 
mingling the demulsifier with the aqueous com- 
p0nent which would or might subsequently be- 
corne either phase of the emulsion, in absence of 
such precautionary measure. Similarly, such de- 
mulsifier may be mixed with the hydrocarbon 
comportent. 
The demulsifying agent employed in the present 
process is a fractional ester obtained from a poly- 
carboxy acid and a diol obtained by the oxypro- 
pylation of a dihydroxy ether of glycerol. This 
glYcerol ether is obtained by reacting one mole 
of hexyl alcohol, C6I-IIOI-ï, with one mole of gly- 
cide, or any comparable Procedure which pro- 
duces the same compound o r equivalent isomer 
thereof. 
Various hexyl alcohols areubtained commercial- 
ly such as methyl amyl alcohot, 2ethylbutanol, 
and hexanol. The initial reaction with glycide 
takes place more raiidly and more satisfactorily 
with a primary alcohol. For this reason I .prefer 
to use a primary hexyl alcohol as the starting 
material and particularly to use normal hexanol. 
These particular alcohols are availabie from vari- 
ons sources. My preference is to treat the glyc- 
erol ether of a suitable hexyl alcoholwith suffi- 
cient propylene oxide so the resuling product is 
hot completely waterTsoluble, i. e., is af least emul- 
siiable or insoluble in water and also.so the prod- 
uct is no longer completely ns01uble in keroecn e, 
i. e., tends to disperseo-r OEs oluble in- kerosene. 

2 
The solubility of the hexyl alcohols in water is 
comparatively limited, for example, from approxi- 
mately .6 of 1% to less than 2%. However, the 
ethers obtained from glycerol are distinctiy more 
 soluble and are appropriately considered .water- 
soluble in the ordinary sense. Such ether,.., of 
course, need hot be obtained necessarily by the 
use of glycide but could be obtained by the use 
of glycerol monochlorohydrin. The initial a!co- 
10 hols used as satisfactory maerials are soluble in 
kerosene. This solubility is diminished, in fact, 
practically disappears after conversion into the 
glycerol ether. Stated another way, the initial 
glycerol ether is water-soluble to a significant 
15 degree and substantially kerosene-insoluble. 
In the hereto appended claims reference fo the 
product being Wafer-insoluble means lack of solu- 
bility either by being only dispersible, emulsifiable, 
or rapidly settling out in layers, or for that marrer 
20 completely insoluble in the usual sense. The 
intention is fo differentiate fr0m an .ordinary 
soluble substance. Simflarly, reference in-.the 
claires fo being at least kerosene-dispersible 
means that the product will af least disperse or 
25 emulsify in kerosene or may be ompletely soluble 
in kerosene to give a clear, transparent, homo- 
geneous solution. 
As stated, the monohydric alcohol has the fol- 
lowing structure: 
30 CI-IOI-I 
The glycide derivative is of the fotlowing struc- 
ture: 
oH 
CH0 C 
OH 
If is this latter compound which is subjected fo 
oxypropylation.. If for convenience the latter 
compound is indicated thus: I-IOR'OH the 13rod- 
40 uct obtained by oxYPropylation may be indicated 
thus: 
I-I(OCH6) OR'O(CH60) ,H  
with the proviso that  and ' represent, whole 
45 numbers which added together equal a sure vary- 
ing from 15 fo 80, and the acidic ester obtained 
by reaction of the polycarboxy acid may be indi- 
cated thus: 
O O 
(H0 O C) ,,RC (O CH«)OR 0 (CH«O),C R(C O OH),, 
-in-which  the .characters bave their Prévious sig- 
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niflcance, and n" is a whole number not over 2 
and Ris the radical of the polycarboxy radical 
COOH 
/ 
(cool).,, 
and preferably free from any radicals having more 
than 8 unintm'rupted carbon atoms in a single 
group, and with the ïurther proviso that the 
parent diol prior to esteriflcation be preïerably 10 
water-insoluble or water-dispersible, and kero- 
serte-soluble or kerosene-dispm'sible. 
Attention is dixected fo the co-pending applica- 
tion of C. M. Blair, Jr., Serial No. 70,811, riled 
January 13, 1949, now Patent 2,562,878» granted 15 
August 7, 1951, in which the'e iS described, among 
other things, a process for breaking petroleuïn 
emulsions of the water-in-oil type characterized 
by subjecting the emulsion fo the action of an 
esterification product oï a dicarboxylic acid and a 20 
polyalkylene glycol in which the ratio of equiva-. 
lents of polybasic acidto equivalents oï poly- 
alkylene g]ycol is in the .range of 0.5 to 2.0, in 
which the alkylene group bas from 2 fo 3 carbon 
atoms, and in which the molecular weight oï the 25 
product is between 1,500 to 4,000. 
Simflarly, here bave been used esters oï di- 
carboxy acids knd polypropylene glycols in which  
2 moles of the dicarboxy acid ester bave been 
reacted with one mole. of a polypropylene glycol 30 
having a molecular weight, for example, oï 2,000 
so as to form an acidic fractional ester. Subse- 
quent examination of what is said herein in com- 
loarison with the previ0us example as well as the 
hereto appended claires Will show the line of 35 
delineation between such somewhat comparable 
compounds. Of greater significance, however, is 
what is said subsequently in regard to the struc- 
ture of the parent diol as compared to poly- 
propylene glycols whose molecular weights may 40 
vary from 1,000 to 2,000. 
For convenience, what is said hereinafter will 
be divided into rive part: 
Part 1 will be concerned with the preparation 
of the diol by reacting a hexyl alcohol with glycide 45 
or ifs equivalent. 
Part 2 will be concerned with the oxypropyla- 
tion of the diol obtained in the manner previously 
described in Part 1 ; 
Part 3 will be concerned with the preparation 50 
of esters from the aforementioned oxypropyla- 
tion derivatives; 
Part 4 will be concerned with the structure of 
the herein described diols and thir signflïcance 
in light of what is said subsequently. 55 
Part 5 wfll be concerned with the use of the 
products herein described as demulsiriers ïor 
breaking water-in-oil emulsions. 
PART 1 
As previously pointed out he monohydric com- 
pound is a hexyl alcohol having the formula 
CH3OH. ttowever, a variety of isomers may be 
employed, such as (Ctt3)2CttCtt2Ctt(Ott)Ctt3, 
(CH)CHCHOH, or CH(CH)CHOH. Such 65 
compound is then reacted with a suitable re- 
actant such as glycide fo give a dihydroxy com- 
pound. This reaction may be shown thus: 
(CHt)2CHCHOH ÷ CHOH--CH--CH  
\ / 70 
o 
 
(CH)CHCHO CH/ 
OH 
If normal hexanol is used the reaction iS, of 5 

course, substantially the same except that an 
isomer is obtained, thus: 
CHs(CH)CHOH ÷ CHOH--CH--CH  
\ / 
o 
OH 
CH(CH)CHO C 
In exming the above reaction if is obvious 
an isomeric mixture could be obtained for a num- 
ber of reasons. One need hot necessarily employ 
a sgle hexyl alcohol but one could emploF 
various omers as noted, or a mixture of isomers. 
Any isomers or mktures of omers could then 
be reacted with glycide and again the epoxy ring 
cod open, dendg on the catalyst used, in 
either one of two ways. Therefore, when ref- 
erence is ruade fo the dihydroxy compod 
obtained for convenience from hexyl alcohol by 
reaction with glycide or the equivalent it is im- 
material which isomer is available or whether a 
mixture of isomers  used. 
 far as forming the dihydroxY compound is 
concerned oher reactions can be employed wch 
do hot involve glycide; for example, one can pro- 
duce eers of the Mnd here employed by use 
of a glycerol monochlorohyin, i. e., either alpha 
or beta glycerol monochlorohydr. Attention is 
directed aga to the fact that in the previous 
formula and in the formul in the clas if 
would be immarial whether the ree hydroxyl 
radicals por  esterificaon are.present as at- 
tached to the first and td tenal carbon 
atoms, or second and third carbon atoms. is 
is simply an isomeric derence depending on 
how the.exy rg is ruptured in the case of 
glycide, or whether one employs glycerol alpha 
monochlorohy'in or glycerol beta monochloro- 
hydrin. Othe suitable procedure involves the 
use of epichlorohydrin in a conventional mater. 
For stance, the oxropylated compound can 
be treated with epichlorohydrin and the réstant 
product treated.with caustic soda so as fo reform 
the epoxy rg. e epoxide soobtaed can 
then be 'eated with.water so as to e!d a comr 
pond having o hydroxyl radicals attached to 
two of the three terminally adjacent carbon 
atoms. 
Attention  dected  the fact that the use 
of glycide requires extreme caution. This is par- 
ticarly true on any scale oer than small 
laborary or semi-pilot plant . operatio. 
Purely from the standpoint of safety in the 
handling of glycide, attention is directed  the 
foowg: (a) If prepared from glycerol mono- 
chlorohydrin, this product should be compara- 
tively Bure; (b) the glycide ielf shod be as 
pe as possible  the effect of impurities is 
diculç to evalua; () the glycide should be 
introduced carefly and precaution should be 
taken that if reac as promptly as introduce d, 
i. e., that no excess of glycide is allowed £o ac- 
culate; (d) all necessa precaution should 
be taken that glycide cao polymerize per se; 
(e) due to the high boiiing point of glycide one 
can readily employ a tical separatable glass 
rin pot as described in U. S. Patent No. 
2,499,370, dated arch 7, 1950, fo De Groote and 
Keiser, and offered for sale by numerous labora- 
tory supply bouses. If such arrangement is used 
to prepare lab0ratory-scale duplications, then 
care shod be taken-that the heating mantle 
can be removed rapiy so as fo allow for cool-- 
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ing; or botter still, through an added opening at 
the top, the glass resin pot or,comparable vessel 
should be equlpped, with a stainless steel coolini 
coil so that the pot can be cooled more rapidly 
than by more removal of mantle..If a stainless 
.steel coil is introduced it means that the con- 
ventional stirrer of the paddle type is changed 
into the centrifugal type which causes the ftu]d 
or eactants to mix due to swirling action in the 
center of the pot. Still bottez is the use of a 
laboratory-autoclave of the kind previousIy 
scribed in ts Part; but in any event when the 
initial amount of glycide, is added to a suitable 
reactant, the speed of fonction shOuld be con- 
trolled by. the usual factors, such as (a) the ad- 
dition of glycide; (b) the elimination of external 
heat; and (c) the use of cooling coiI-se there is 
no undue rise in temperatuze. Al1 thé foregoing 
is merely conentional bu is included due to the 
hazard in .handiing  glycide. 
Example la 
The equipment used was a glass resin pot of 
the kind described above. Into this resin pot 
were charged 5 gram moles of normal hexyl 
cohoL This represented 511 grams. To this 
there was added approximately i% of sodium 
methylate equ]valent to 6 grams. The temPera- 
ture of the reaction masi wai raised to 121 ° .C. 
5 moles of. glycide, equivalent to 3_70 grains, were 
added slowly over a period of approximately 6 
hours at a rate of about 60 igrams per hour .or 
slightly less at a gram per minute. Whênever 
the temperature tended to rise past 131 ° C. the 
fonction mass was cooled; if the temperature 
showed a tendency to drop below 115 .C.. to 118 ° 
C. the reaction mass was heated. Vhen all the 
glycide had been added the fonction mass was 
stirred for approximately one hour longer at 
135 ° C., and thon was heated to a tèmperature 
below the decomposition point of glycide, for in- 
stance, 140 ° C., and held at this temperature for 
another bout. In this particular reacti0n there 
is less hazard than in usually the case insofar 
that the amount of glycide added was eompara- 
tively small and it was added slowly. Even so, 
such oxyalkylation cou]d: be conducted with ex- 
treme care. Other catalysts, can be employed 
such as caustic soda,, or caustic potash, but. pure- 
ly as a marrer of convenience t bave employed 
sodium methylate. The amount of catalYst- can 
be increased but the objection is that more aN 
kaline material must be subsequently removed 
prior to esterification as described in Part 3, fol- 
lowing, or the reaction may take place too rapid- 
ly or one might possibly polymerize the glycide 
itself rather than bave it react with the glycol 
ether. 
For a number of well known reasons equip.- 
ment, w-hether laboratory size, semi-pilot .plant 
size, pilot plant size, or large scale size, is not as 
a rule designed for a particular alkIene oxide. 
Invariably and inevitably, however, or Particu- 
larly in the case of lab0ratory equipment and 
pilot plant size the design is such as to use any 
of the customarily avaable alkylene oxides, i. e., 
ethylene oxide, propylene oxide, butylene .Qxide, 
glycide, epichlorohydrin, styrene oxidg; 'etc. In 
the subsequent description of the equipment 
becomes obvious that it is adapted for oxyethylar 
tion as well as oxYpropylation. 
Oxypropylations are conducted under a wde 
variety of conditions, not only in regard to pres- 

ence or absence of. catalyst, and the kind of cata- 
lys but also. in. regard to the:time of.fonction, 
temperature of fonction, speed of fonction, pres- 
sure during fonction, .etc.-. For instance, oxyal- 
 kylati0ns can be conducted at temperattre's up 
to approximately, 200 ° C with pressures in about 
he same rangh up. toi. about 200-pounds per 
square inch. They can be conducted also at 
temperatures approximating the boiling point 
10 of water or slightly above, as for example 95 ° to 
12{I » C. Under snch circumstances the pressure 
will be less than 30 pounds per square inch unless 
some special proce-dure is .employel as is some- 
rimes the case, to wit, keeping an atmosphere of 
1 inert, gas such as nitrogen, in the vessel during 
the reaction. Such low-temperature-low 
action rate oxypropylations bave been described 
very completely in. U. S. Patent No. 2,448,664, to 
H. R. File et al.., dated eptember 7, -1948. Low 
20 temperatures, low pressure, oxypropylations are 
particu]arly desirablewhere the compound being 
subjected to oxypropylation contains one, two 
or three points of reaction only, such as mono- 
hydric alcohols, glycols and triols. 
25 Since lov pressure - low tomperature reac- 
tion speed oxypropylations require considerable 
time, for instance,, t to :7 days of 24 hours each 
to complete the reactionthey are conducted as a 
rule whether on a laboratory scale, pilot plant 
S0 scale, or large scale, sa as to operate automatical- 
ly. The Prior figure of seven days appties és- 
pecially to large-scale operations.: .I bave 'used 
conventional ecuipment with two added .auto 
matie features: .(a) a: solenoid controlled valve 
35 whichshuts off the.Popy.lene oxide in, event-that 
the temperature gets outside a predetermined 
and  set range, for instance, 95 ° to 120 ° C., and 
(b) another solenoid valve which shuts of the 
propytene oxide (or for that marrer ethylene ox- 
40 ide if it is :being used) if the:pressure gets 
beyond a predetermined range, such as 25 .to 35 
pounds. Otherwise, the equipment is substan- 
tially the same as is commonly employed for this 
purpose where the pressure of fonction is higher, 
speed of reaction is higher, and rime of reaction 
45 is much shorter. In súch instances such auto- 
matïc controls are hot necessarily used. - 
Thïs, in preparing the various examplès I bave 
round it particularly advantageous to use labora- 
tory equ]pment or pilot plant which is designed 
50 to permit continuoús oxyalkylation whether it 
be oxypropylation or oxyethylation.. With cer- 
tain obvious changes the equipment can be used 
also to permit oxyalkylation involving the use .of 
glycide where no pressure is involved except the 
55 vapor pressure of a solvent, if any, which may 
bave been used as a diluent. ' 
As previously pointed out. the method of using 
propylene oxide is the. same .as ethylene oxide. 
This point is emphasizedonly for the reaon that 
6'0 the apparatus is o designed and constructed as 
fo Use either oxide,  
The oxypropylation'pr0cedure employed in the 
preparation of the oxyalkylated derivatives bas 
65 been uniformly, the same, particularly in light of 
the ïact that a continuous automatically-con- 
trolled procedure was emplóyed. In this proce- 
dure the autoclave was a:conventionaI autoclave 
made of stainless steeI and having a capacity of 
70 approximately 15 gallons and a working pressure 
of one thousant pouds gauge pressure. This 
pressure obviously is far beyond any requirement 
as far ai. propylene oxide g0es unless there is a 
eacion of explosive violence involved due to 
5 Cident. The autoclave was equipped with the 
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conventional- devices nd 0penings,- such as the 
variable-speed tirrer operating ai speeds, from 
50 R. P. M. to 500 R. P. M.; thermometerwell and 
thermocouple for mechanieal thermometer; 
emptying ourlet, pressure gauge, manual vent 
line; charge hole for initial reactants;-at least 
one connsction forintroducing the alkylene ox- 
ide, such as propylene oxide or ethylene oxide, to 
the bottom of the autoclave; along with suitable 
devices for both cooling and heatingthe auto- 
clave, such as a coolini jacket; and, preferably, 
coils in addition thereto, with the jacket so ar- 
ranged that itis suitable for heating with steam 
or cooling with water and further equipped with 
electrical heating devices. Such autoclaves are, 
of course, in essence small-scale replicas of the 
usual conventional autoclave used in oxyalkyla- 
tion procedures.. In some instánces-in exptora- 
tory preparations an autoclave having a smaller 
capacity, for instance, approximately 3 liters 
in one case and about 1% gallons in another case, 
was used. 
Continuous operation, or. substantially con- 
tinuous operation, was achieved by the use of a 
separate container to hold the alkylene oxide be- 
ing employed, particularly propylene oxide. In 
conjunction with the smaller autoclaves, the con- 
tainer consists essentially of a laboratory bomb 
having a capacity of about one-half gallon, or 
somewhat in excess thereof. In some instances 
a larger bomb was used, fo wit, one having a 
pacity of about one gallon. This bomb was 
equipped, also, with an inlet for charging, and an 
educator tube going fo the bottom of the contain- 
er so' as fo permit discharging of alkylene oxide 
in the liquid phase to the autoclave. A bomb 
having a capacity of about 60 pounds was used 
in connection with the 15rgallon autoclave. 
Other conventional equipment consists, of course, 
of the rupture disc, pressure gauge, sight feed 
glass, thermometer connection for nitrogen for 
pressuring bomb, etc. The bomh was placed on 
a scale during use. The connections between the 
bomb and the autoclave were flexible stainless 
steel hose or tubing so that continuous weighings 
could be ruade without breaking or making any 
connections. This applies also to the nitrogen 
line, which was used to pressure the bomb-reser- 
voir. To the extent that it was required,...any 
other usual conventional procedure or addition 
which provided greater safety was used, of course, 
such as safety glass protective screens, etc. 
Attention is directed again to what bas been 
said previously in regard to automatic controls 
which shut off the propylene oxide in event tem- 
perature of reaction passes out of the predeter- 
mined range or if pressure in the autoclave passes 
out of predetermined range. 
With this particular-arrangëment practically 
all oxypropylations become uniform in that the 
reaction temperature was held within a few de- 
grees of any selected point, for instance, if 105 ° 
C: was selected as the operating temperature the 
maximttm point would be af the most 110 ° C. or 
112 ° C,, and the lower point wouldbe 95 ° or pos- 
sibly 98 ° C. Similarly, the pressure was held at 
approximate!y 30 pounds vithin a 5-poundvaria- 
tion one way or the other, but might drop to 
practically zero, especially where no solvent such 
as xylene is employed. The speed of reaction 
was comparatively slow under such conditions as 
compared with oxyalkylations at 200 ° C. Num- 
erous reactions were conducted in which the rime 
varied from one day (24 hours) up to three days 
(72 hours), for complet!on of the final member of 

8 
a. series. In some instances the reacion may 
take place in considerably less rime, i. e., 24 hours 
or less as far as a partial oxypropylation is con- 
cerned. 
5 The minimum rime recorded was a 4-hour 
period.. Reactions indicated as being ComPlete 
in four hours for thereabouts may hhve been 
complete in a lesser period of time in light of 
the automatic equipment used. This applies also 
I0 to larger autoclaves where the .reactions were 
complete 'in 9 to 12 hours. In the addition of 
propylene oxide, in the autoclave eqUipmen as 
far .as possible the valves were set so all the 
propylene oxide was fed in ai a rate so the pre- 
15 detennined amount reacted in the first two- 
thirds, of the .selected periods;: for instance: if 
the selected.period was 3 hours the rate was set. 
so the oxide could be fed in in tw0 hours or less. 
This meant that if the reacti0n, was interrupted 
20 automatically for a period of rime for the pres- 
sure fo drop, or the temperature fo drop, the pre- 
determined amount of oxide would still be added 
in most instances well within the predetermined 
rime period. In one experiment the addition of 
25 oxide was ruade over a Comparatively long Per!òd, 
i. e., 10 hours. In such instances, of course,..the 
reaction could be speeded up fo quite a marked 
degree. 
When operating ai a comparatively high rem- 
30 perature, for. instance, between 150 ° fo 200 ° C., 
an unreacted alkylene oxide such as .Propyleue 
oxide, makes ifs presence felt in thé increase in 
pressure or the consistency of a higher pressure. 
However, ai a low enough temperature if, may 
35 happen that the propylene oxide goes in as a 
liquid. If so, and if if remains unreacted there 
is, of course, an inherent danger and .appropriate 
steps must .be taken fo safeguard against this 
-possibility; if need be a sample must be wih- 
 drawn .and examined .or unreacted propylené 
oxide. One obvious procedure, of course, is 
oxypropylate ai a modestly higher terrïperature, 
for instance, ai 140 ° fo 150 ° C. Unreaced oxide 
45 affects determination of the acetyl Or hydroxyl 
value of the hydroxylaed compound obtained. 
The higher the molecular we!ght of the com- 
pound, i. e., towards the latter stages of reac- 
tion, the longer the rime required fo add a given 
50 amount of oxide. One possible explanation is 
that the molecule, being larger, the opportunity 
for random reaction is decreased. Inversely, the 
lower the molecular weight the faster the reac- 
tion takes place. For this reason, sometimes ai 
55 least, increasing the concentration of the catalyst 
does hOt appreciably speed up the rëaction, par- 
ticularly when the product subjected fo oxyai- 
kylation has a comparatively high molécular 
weight. However, s hasbeen pointed out pre- 
60 viously ' operating ai a. low pressure and a low 
temperature even in large scale operati0ns as 
muchas a week or ten days"time may lapse o 
obtain some of the.higher molecular weight de- 
rivatives from monohydric or dihydric maerials. 
65 In a number of oPei:ations the counterbalance 
scale or dial scale holding the propylene, oxide 
bomb was so set that when the predeterrnined 
amount, of propylene oxide had Passed ino the 
70 reaction the scale movement through a rime .op- 
erating device was set for either one fo two hours 
so that reaction continued for 1/2 fo 2 hours 
after the final addition of the last propylene 
oxide and thereafter the operation was shut 
 .down. This particular devce is particularly suit- 
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able for Useon-larger equipment than laboratory 
Ize autoclaves; te .wit,..on.semi-pflot plant or 
=pilot-.plan size, as well as-on large scale size. 
Thi- final, stirring period is intended te. avoid 
the :presence of unreacted- oxide... 
- Ir this sort Of opeatïon, =of course, the têm- 
Lperatur.e.range =w.as-controlled .automatilally by 
..eithe ue oï c0oling. water, :steam, or electrical 
.heat» so- as :te -raise er lower, the .temperature. 
.Thepressuringof the:propylene oxide into the 
reaction vessel was also automatic insofar that 
the feed stream was set for a slow continuous 
run which was shut off. in-case .the pressure 
passed a predetermined point as previously set 
out. Al1 the points of design construction; etc., 
were conventional including. the gases,-check 
valves and entire equipment. As far as'oE am 
aware ai least two flrms, and possibly three, 
specialize in autoclave equipment Such as ri have 
employed in the laboratory, and are lrepared 
te furnish equipment of this saine kind. Simflar- 
ly pilot plant equipment is available. " This poin 
is simply ruade as a precauion i the direction 
of safety. Oxyalkylations, particularly involv- 
lng ethylene oxide, glycide, propylene oxide, etc., 
should ..not. be conducted except in equipment 
peciflca]l"designed for ;the:iourpose; 
/-ne .dihydroxyComPound .employed was the 
Olïë previously describèd ,which, for purpose-of 
Conveiience, -wfltbe tte. glycerot/ether Of hexyl 
alcohol. The-autoclave emploYed was a small 
autoclave having a capacity of approximately 
one gallon.. This.autoclave .was equippéd with 
various autmatic d6vices. In-seine instances 
-the oxFpropyltiOn were run with automatic 
centrols and in other:instances, since the oxy- 
Popylation.vas very hort, wih manual 
 roL  1Veedless te saF, it .was .imniaterial Whlch 
way. the autoclave was handied.  : 
-- .145 grains of-thedïhydroylated eompound 
pzeviousl.y described -were cha:rged into th auto- 
 clave a]ong-wi-th 15,gré.ms Of austic-soda It is 
t0 be noted-hat .hësodium :methylate used in 
the glYcide reaction,was.permitted te-remain in 
th reaCtion mass..Thls meaut that the-con- 
cntration Of catalyst :was stightty higher-than 
indicatedby the amountof caustic sodaJ The 
:reaction .pot -was flushed oùt with-nitrogeni the 
 autoclave was sealed and-the automatic deviees 
adjustedfor ïnjecting.675 grains of-propyiene 
 oxide in approximately a 2-hour-period. The 
:pressure regulator was set fer a -maximUm of 35 
-pounds per square  i-nch..This meant that the 
bulk of .the reaction coud.take.place,-and .proba- 
bly did..take Place,.at a comparaivelF .-.Iower 
pressure... This.comparativeIF Iower pressure was 
the esultof thefact .that, -it.least în part, con- 
siderabte .catalyst was .present.. The pr0pylene 
oxide, was :added at .approximately a .rate of 
about 450grains per-heur.in .this instance. As 
pravieusly-stated, the' tim required te add- 
thë.oxide ,was 2 .hours but this incuded a short 
stirring-period at.the.endof the -reaction when 
no .actual oxide- was enoering the apparatus« 
Mordimportant the selectel maximum tempera- 
ture 'range was 1.10 ° :.C. -(moderately-ab0ve .th 
bofling.:pointb 'water-).-Ttie initial introducd 
tïon of-.Popylene .0xïde-waS not started mtil 
the ;heating. devices ha isëd 'the -temperature 
jusç a -rifle bove.l,00-C. -en th reaction 
was éomplété approximatèl one-half uf the 
reacion mass"was wthdrawn as a sampie nd 

-the remainder. subjected o. further oxypropyia 
.tion asdescribed inExample 2, immediately fol- 
Iowing.   
5 ExamPle: 2b 
417 grains of the reaction mass idetifled as 
Example lb, Preceding, were reacted-with an 
additional-402grams o£ pçopylene oxide without 
adding anycatalyst. These 41 grainS of reac- 
10 tion mass represented 73 grains 0î the original 
hydroxylated material, 337 grains o£ oxide, and 
grains o catalyst. The conditions o£ reaction as 
 £ar as temperature aad pressure Were concerned 
were substantially the saine as in Example 
15 preceding. The rime required to add the oxidë 
was a little bit longer, .that is, 2/2.i]ours, not- 
" withstanding tiie fact ' tha/ .thè mount of oxide 
added was considerably tess. The rate of addi- 
tion of the oxide was about 200. gram per bout. 
20 At :the c0mpleti0n of :his stage 0f oxYProPylation 
part of .the sample was.withdrawn and the 
 .. remaindersubjected.to further oxyproPylationas 
described in Example 3bç.|mmediately followlng. 
25 Example 3b 
411 :grams;.of the-reacti0n mass identifled .as 
Example 3J, Preceding,i...ard/equivalen t 
grains of Jhe original dihydroxy raaterai, 370 
3o grains of oxide, and.4 grains .of cataist, were 
,subjected to .furthr 0xypr0pylation .With 198 
.grams of propylene oxide. This  Waeacted 
without the,use-of additi0nal catalyst: Thecón- 
ditions of reaction as far as .temperature .and 
35 pressure .were concerned were the same ïs in 
Example 2b, preceding, except that :the maximum 
temperature was somewhat higher, i. e., 1.15 ° C., 
instead Of 110 ° C.- Theïime :required to add the 
- .oxide was c0nsiderab!y ionger than previousiy, ,to. 
0 wit, 5 F hours. The. addition was ;ruade at .the 
raCe.of about 40 grains per hour] . Atthe/comple - 
tion of thè reaction part of the reactio ïass was 
withdrawn and the remainder suSeted to the 
final oxypropylation step as described inËxámple 
«±5 4b., immediatey foI0wing" 
Examle 4b. 
207 grains Of the reaction mass identifled as 
5o Example:3b, preceding, equivalent to 13 gra.ms of 
the original . dihydroxy!ated material, 193 grains 
-of oxide, and onegram0f.cata!yst, were.subjected 
o urther oxypropylation with 64 grains of pro- 
pylene oxide. This vasreacted without the use 
55 oï additionl catàlyst. The.maximumpressure 
was the _saine as in previous examples, i.e., 5 
pounds. The_temperaure .in this-instance vas 
-somewhát-higher than iii any Of he-previois 
examplès, fo wit, 125 ° C. The ¢ime-required o 
60 .add the oxide was somewhat longer-notwith- 
sta.nding the smaller amount, !. e., 6 hours. 
was-added ut the .rata :of .about 1¥ grains per 
.bout. The aboveseries .was duplicated a number 
of .times 'to givelarger amounts ïor .subsequent 
65 esteiflcatiens. : ' .. :  
,In/the hereto attached .tables .it :will :be noted 
tha-this Series :shows .theore£ical molecular 
weights varying from 1,00.0 to4,00), andhydro:yl 
molecular weights varying from a little less than 
70 350 to a little less than .1409. In another series 
of experiments I proceeded further by three addi- 
ti0nal steps-; .a¢ amoleclar:weight correspondi-ng 
fo 5,000 'theOretical; -thë "hydrxyI /molecúlar 
weight was approximatëly,2150'; -at-6;000 
75 cal moecular .weight"tl/e hydroxyi molecul.ar 
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-weight.was about 225,..and at. 7,000 theoretical 
 m01ecular weight the h:droxyl molecular weight 
was about 2340. I bave esterifled these particu- 
lar oxypropylated derivatives as well as the ones 
speciflcally described herein. 
What bas been said herein is presented in tab- 
Ulr f0rm in Table 1 immediately following, with 
Some added information as to molecular weight 
and as to solubility of the reaction product in 
iwater, Xylene and kerosene. 

TABLE 1 

12 
particularly dicarboxy acids such.as adipic acid, 
phthalic acid, or. anhydride, .succinic: acid« 
glycollic acid, sebaclc :acid,, azelaic aid, aconitic 
acid, maleic acidor anhydride,:citraconlc acid or 
5 anhydride, maleic acidor:anhydride adducts as 
obtainid by. the Diils-Alder reaction frOrr - prod- 
uctS such as.maleic anhydride, and Cyclo- 
pentadiene. Such acids should be heat stable so 
they are not decomposed during esteriflcation. 
10 They may contain 'as many-as26..carbon atemS 

C omposltlon Beforo 
Ex. No. H.C.* Oxldo Cata- 
Amt.; Amt.; lyst, 
grs. " grs. grs. 
..... : ...... 145 ........ 15 
........... 73 337 7 
b.': ......... 37  370 4 
........... 13 193 1 

Composition at End 

Theo. H.C.* Oide Cata- 
Mol. Amt., Amt., lyst, 
Wt. grs. " grs. grs. 

996 145 675 15 
1,955 73 739 71 
2,875 37 568 4 
3,655 13 257 1 

Hyd. 
Doter. 
mhl. 

84O 
 1, 264 
1, 390 
1, 365 

110 
 .110 
115 
125 

*The hydroxylated compound is the glycerol ether of normal hexyl alcohol. 

Pros., 
Ibs. 

Tlme, 
Hrs. 

Example lb was emulsiflable in water, soluble 
in xylene and insoluble in kerosene; Examples 2b, 
3b and 4b were all insoluble in water, but soluble 
in both xylene and kerosene 30 
The final product, i e., ai the end of the oxy- 
propylation step, was a somewhat viscous pale 
amber-colored fluid which was water-insoluble. 
This is characteristic of all various-end products 
obtained in this series. These products were, oï 35 
course, slightly alkaline due fo the residual CRUS- 
tic soda employed. This would also be the case 
if sodium methylate were used as a catalyst. 
 Speaking of ï nsolubility in water or solubility 
inkerosene such solubility test can be marie sire- 40 
ply by shaking small amounts of the materials 
in a test tube with water, for instance» using i % 
to 5% appr0ximately based on the amount of 
Wàter present. 
Needless to say, there is no complete conver- 45 
sion of propylene oxide into the desired hydrox- 
ylated compounds. This is indicated by the fact 
that the theoretical molecular weight based on a 
statistical average is greater than the molecular 
weight calculated by usual methods on basis of 50 
acetyl Or hydroxyl value. Actually, there is no 
completely satisfactory method for determining 
molecular weights of these types of compounds 
with a high degree of accuracy when the molec- 
ular weights exceed 2,000. In some instances the 55 
acetyl value or hydroxyl value serres as satisfac- 
torily as an index fo the molecular weight as any 
0ther procedure, subject fo the above imitations, 
and especially in the higher molecular weight 
range. If any difâculty is encountered in the 60 
manufacture of the esters as described in Part 3 
the steichiometrical amount of acid or acid com- 
pound should be taken which corresponds to the 
indicated acetyl or hydroxyl value. This marrer 
bas been discussed in the literature and is a mat- 65 
ter of common knowledge and requires no further 
elaboration. In fact, itis illustrated by some of 
the examples appearing in the patent previously 
mentioned. 70 
PART 3 
As previously pointed out the present inven- 
tion is concerned with acidic esters obtained from 
the propylated derivatives described in Part 2, 
immediately preceding, and polycarboxy acids, 75 

as, for: exampld, the acids obtained by dimertza- 
tion of unsaturated fatty acids, unsaturated 
monocarboxy fatty acids, or unsaturated mono- 
carboxy acids having I8 carbon atems. Refer- 
once to the acid in. the;hereto .appended claims 
obviously inciudes the anhydrides or any other 
obvious, equivalents,  My preference, however, is 
to use polycarboxy acids ,having hot over 8 car- 
bon atoms. 
The production of esters, including acid esters 
(fractional esters) from polYcarboxy acids and 
glycols or other hydroxylated compounds is well 
known. " Needless to say,.vari.0us compounds.may 
be used such as the low m01al ester, the anhy- 
dride, the .acYl chloride, etc. Howevero for pur- 
pose of economy.!t is cUSt0mary fo use either the 
acid or the anhydride, - Aconventional procedure 
is empi0Yed. Ona laboratory scale one can em- 
ploy a resin pot of the kind described in U. S. 
Patent No. 2,499,370,-dated March 7, 1950 to 
De Gr0ote.and Keiser, and.particularly with one 
more opening fo permit the. USe of a poroUS 
spreader if. hydrochl0ric acid gas is to be used as 
a catalyst. Such device .or absorption spreader 
consists of minute Alundum.thimbles which are 
connected to a glass tube. One can add a sul- 
fonic acid such as para-toluene sulfonic acid as 
a catalyst. There is some objection fo this 
cause in some .instances there is some evidence 
that this acid catalyst tends fo decompose or re- 
arrange heat 0xypropylated compounds, and par- 
ticularly likely to do so if the esteriflcation tem- 
perature is too hlgh. In the case. of polycarboxY 
acids such as diglycollic acid; which is strongly 
acidic there is no. need .fo add any catalyst. The 
use of hydrochloric gas has one advantage over 
paratoluene sulf0nic acid nd that is that at the 
end of the reaction it can be removed by flUShlng 
out with nitrogen, whereas there is no reasonably 
convenient means available of removing the para- 
toluene sulfonic acid or other sulfonic acid em- 
ployed..If hydrochloric,.acid.is employed one 
need only pass the gas through at an exceedingly 
slow rate so as te keep the reaction mass acidic. 
Only a trace of acid need be prescrit. I bave em- 
ployed hydrochloric acid gas or the aqueous acid 
itself fo eliminate the iniial-basic-material. My 
preference, however, is fo: USe no catalyst whatso- 
over ànd tó insure complëtedryness of the diol as 
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described in the final procedure just preceding 
of Table 2. 
The products obtained in Part .2 preceding may 
contain a basic catalyit. As a general procedure 
I bave added an amount of. half-concentrated 
hydrochloric acid considerably in excess of what 
is required fo neutralize the residual catalyst. 
The mixture is shaken thoroughly and atlowed to 
stand overnight. It is thon fittered and refiuxed, 

5 

as water of solution or the equivalenç. Ordi- 
narily this refiuxing temperature is apt fo be in 
the neighborhood of 130 ° to possibly 150 ° C. 
When all this water or moisture has been rem0ved 
I. also withdraw aPproximtely 20 grains or a 
little less benzene and thon add thd required 
amount Of the carboxy reactant and also about 
15ï grains of a hïgh bofling aromatic petroleum 
 solvent. 'Ttese solvents are sold by various off re- 

with the xylene present untfl the water can be l0:fineries anîi, .as fa r as solvent effect act as if they 
separated in a phase-separating trap.. As soon - Were almost completely aromatic in. character. 
as the product is substantially free from water  Typical distillation data in the particular type I 

the distfllation stops. This prellminary step can 
be carried out in the fiask fo be used for esteriflca- 
tion. If there is any further deposition of sodium 
chloride during the reflux stage needless t0 .say a 
second filtration may be requlred. In any event 
the neutral or slightly acidic solution of the oxy- 
propylated derivativei deicribed in Part 2 is thon 
diluted further with sufficient xylene decalin, 
petroleum solvènt, or the-like, so that one hàs 
.0bained.appr0kimately a ,65% solution. To is 
solution there ïs added a polycarboxylatC re- 
.actant as previous!Y described such as phthallc 
anhydride, sucCinïC acid" or anhydrlde,Ldiglycollic 
acid, étc: . The'mixture is-refiuxed until esterifi 
'cation is completWas indicated bY elimintion of 
watêr0_dçïCpïn carboxyl Value Needles-to 
.if one Pf0diices ,-a tialf-esr from n nhydride 
suh kS PhthIic. fihYdrîde/iio water is elimi- 
nkei] HoWever, if it is 0btained/from diglybollic 
d, f.0r exampl, :water is. elimina.ï All Sch 
rCCedurêsaWCnvèntiSnal. and bave been so 
thohl.dë6ibed in h3iature tht fur 
thèr c0nsïdërafiïo Wflï. be ,limited to a few 
amples Cd a 6mpreheïivêtàble. " 
' Other Pro6dures f0 .elinïinating.  ithe basic 
residual Catal'Yst, if al, ,n be mploYed. For 
examp!, thej 0X#ylation  Can be-conducted in 
bsence f a ,So_,lven, t .or t, he_ Sol_vntrem0ved aftër 
oxypr0pylation. Such pxypropylation end pro d- 
.uctcan thon be acidified with j. ,ust enough con- 
cenrted h.drqçh9r,ic aCid o just neutralize thé 
residUl basic cata!yst..:. To this product one can 
thon add a small amoun$,of a!!hydrous sodium 
sulfate (sulïic.ient in quantity .fo take up any 
water that is present) and thon subject the mass 
fo centr.ifugal force so as to eliminate tahe sodium 
sulfate and Pr0]ably the sodium chloride formed. 
The clear somewha Viscous strawocolored amber 
liquld so obtained may.conain ,a small amount of 
sodium sulfate or .sodium chloride bt, in any 
event,..is perfectly acceptable for esterification in 
the manner described. 
If is fo be pointed OUt that the product here 
described arehOt polyesters in .the sense that 
there is a plurality of both diol radicals and acid 
radicals; the product is characterized by having 
only one diol radical. 
.. In s0me instances-and, in fact, in many in- 
stances I have round that in spire of the dehydra- 
tion methods employed above that a more trace 
of water still cornes through and that thii more 
,trace of water certainly interferes with the acetyl 
or hydroxyl value determination, at least vhn 
a number of conventional procedures are used 
and may retard esterification, particularly where 
there is no sulfonic acid or hydrochloric acid 
prescrit as a cats2yst._ Therefore, I Iave pre- 
ferrd to use the-following procedure: I have 
ployed about 200 grains of the diol as described 
inPart 2, preceding; Ihave added about 60 grains 
of benzene, and .thon refiuxed this mlxture in the 
glass resin,10ot .using a phase-separating trap 
until the benzene carried out all the watr present 

. following: 
15 
. .- I.B.P.,142oc" 
5 ml., 200 ° C. 
 î0 ml., 209 ° C. 
15 ml., 215 ° C. 
20 20 ml., 216 ° C. 
25 ml., 220 ° C. 
30 ml., 225 ° C. 
35 ml., 30  C. 
 40ml, 234 ° C. 
25 45m1., 23 o C. 

have employed and foundvery satisactory is the 

50 ml., .242 ° C. 
 55 ml., 244 ° C. 
60 ml., 248 ° C. 
65 ml., 252 ° C. 
0 ml., 252 ° C. 
5 ml., 260 ° C. 
80 ml., 264 ° C. 
85 ml., 20 ° C. 
90 ml., 280 ° C. 
95 ml., 30 ° C. 
Ater this material Is added, refluxing is con- 
tinued and, of course is at a .high temperature, 
30 to wit, about îC0 ° to 10 ° C. If the .carboxy re- 
actant is an anhydride needless to say no water 
of reaction appeari; if the carboxy reactant is an 
acid, water of reaction ihould appear and should 
be eliminated t the above reaction temperature. 
5 If if is hot eliminated I simply separate eut 
another 10 or 20 cc. of benzene by means of the 
phase-separating trap and thus raiie the tem- 
perature to 180ï Or ! 90° C» or even fo 200 ° C, 
 if need be. My/.prfeZCce is hot to go above 
ThWuse o'sus01vën,is extremely satisfac 
tory provïdd one doesnot  attempt o remove th 
solvent subsequentiy except bY vacuum distilla- 
. in tmd provided tliereïS n6  objection tó  little 
45 esidue/.: l Atuall.y, lien.fliee materials ,,are used 
f0t a prpos such'.as'demu]sification'the solvent 
,might-ustas well bWallowed to remaïn. If the 
Solvént is tobe rmoved-by'distillafion, and par- 
ticularly vacuum disflltion, thon the tiigh b0il- 
50 ing-ar°maic Petoleum-solvent might well 'be 
rep]acedby somemorë expenslve solvent, such as 
tecalin or an a]k:lgted deCainwhich has a rather 
definite or Close rahge boiling point. The re- 
moval of the solvent, Of course, is purely a con- 
55 venti0nal procedure and r:equires no elaboration. 
In the ppended table Solvent #3, which 
appeas in numerbus instances, is a .mixture of 
Volumes of the aromati c petroleum solvent pre- 
vi0usly described, and 3 v01urnes of benzene. 
60 Rëference tb so!ent .means the particular 
petroleum solvent previ0usly described in detail. 
This was used, or a.simfiar mixture, in theman- 
ner previously described. A large number of the 
examPles indicated emp!0Ying decalin were re- 
65 peated using this.mixture, and particularly with 
the preliminary stop of removing all. the water. 
If 0ne does hOt intend to remove the solvent tuf 
preference is fo .use the »etroleum soldent-bon« 
zene mixture although obviously any of the other 
70 mixtures, such as. decalin :and xylene, can be 
The.data included .in.the subsequent tables, i. è., 
Tables 2iand..:,::are:çSelf-explanatoryo and very 
complote and it is belieyed:no urther elaboratlon 
7 is necessary: 



No. of of Hy- TThï. ' 
Ex. Ex. Nb. Thco. 
Hydrox 
Acid . droxy ],«" '   yl V. of 
Este Cmpd. " .... H.C. 
  _ . : I I ç l " 2b 1 I 955 57. 5 
3c____ .... .3b: I 2, 875% ' 39. 2 
4c ...... . .4b  3,655 30.8 
5c ...... - :3b ] 2 8751 : 39.2 
7c ......  3b 1 2,875  39.2 
8c.__-'-. : 4b  3, 655"' 30.8 
9c_._.- 4b I 3,655- 30.8 
foc ..... ] 4b I 3,655 30.8 
11c ..... I lb I 996 1,160 
12c ..... ] lb  996 1,160 
13c .....  lb I 996 1,150 
14c ..... I 2bi 1,955 .. 57.5 
15c ..... I 2b [ 1,955 57.5 

-TABLE : 2 ' 

34 " 
81.0 
82. 4 
81.0 
81.0 
82. 4 
82. 4 
82.4 
34 
34 
80.0 
80.0 
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[ol. Wt. 
ased on 
_ctual 
H.V. 
840 
1,264 
1, 390 
1, 365 
1,390 
1, 390 
1, 390 
1, 365 
1, 365 
1,365 
80 
84O 
840 
1, 264 
1,264 
1, 264 

Amt. of 
Hyd.  
Cmpd. 
(grs.) 
174 
232 
188 
108 
188 
188 
188 
108 
108 
108 
174 
174 
174 
235 

I 
'. ' I Ami. of 
: Poly- 
Polycarboxy Roactant carboxy 
Rcactant 
. l 
I 
Diglycolic Acid ..... ] - " 56. 
..... doï__" ............ I - "48. 
do I . 36. 

..... do ............. :- 
Phthalic Anhydridc 
Malcic Anhydridc.. 
Succinic Anhydridc_ 
Phthalic _4.nhydridc 
NIalcic Anhydridc._. 
Succinic Anhydridc. 
Phthàlic Anhydridc. 
Malcic knhydride__. 
Succinic Anhydridc. 
Phthalic Anhydridc. 
1VIaleic Anhydridc._ 
Succinic Anhydride_ 

21.8 
40.3 
26. 7 
27. 2 
24. 0 
.16.0 " 
16.3 
61.5 
41.4 . 
42.2 
54.0 
35. 7 
36. 4 

TABLE 3 

Ex. No. of Acid Solvent 
Ester 
c ................... #7-3 
c ................... #7-3 
c ....... e ........... $7-3 
tc ................... #7-3 
c ................. :. #7-3 
c ................. ï- $7-3 " 
c ........... = ....... ï. #7-3 
tOc ........... L_ _ -- #7-3 
t2c ................ =- $7-3 
3c .................. $7-3 
i4c ............. - .... $7-3 

Amt. 
Solvent 
(grs.) 

226 
274 
222 
183 
222 
,222 
222 
183 
183 
183 
226- 
226 . 
'226 
274 
274 
" 274 

Esterifl- 
cation 
Temp., 

152 
154 
153 
144 
140 
142 
150 
141 
143 
153 
142 
144 
143 
140 
142 
145. 

Time of Water 
Esterifl- Out 
cation 
(hrs.) (ce.) 
4 7. 
6 7. 
4 4. 
6 2. 

.The procedure .!or. manufacturing the esters 
has been illustrated by preceding examples. If 
for any reason reaction does not take place in a 
manner..tha: ïs accePtable attention should be 
directed o the foll0wing details: (a) Recheck 
the hydroxyl or acftyl value of the oxypropylated 
glycerol andUSe . StQichiometrically equivalent 
amount of acide, '(b) if the reaction does not pro- 
ceed with reaSonable speed either raise the tem- 
perature indicated Or els extend the period of 
rime upto 12 or 16 hoursiî need be; (c) if neces- 
sary, use /2% of paratoluene sulfonic acid or 
someother-acid as a catalyst; () if the esteri- 
fication does not produce a clear product a check 
should be made to sée if an inorganic salt such 
as sodium chloride or sodium sulfate is not pre- 
cipitating .out. Such salt should be eliminated, 
at leást for exploration experimentation, and 
can be removed by filtering. Everything also 
being equal as the size of the molecule increases 
and the reactive hydroxylradical represents a 
smaller fraction of the entire molecule and thus 
more diiïiculty is involved in obtaining complete 
esterification. 
Even under the m0st carefully controlled con- 
ditions of oxypropylation involving compara- 
tively low temperatures and long rime of reaction 
there are formed certain compounds whose com- 
position is stfll obscure. ,Such side reaction prod- 
ucts can contribute a substantial proportion of 
the final cogeneric reaction mixture. Various 
suggestions, bave beën .ruade as to the nature of 
these compounds, such as being cyclic polymers 
of propylene oxide, dehydration products with 
the appearance of a vinyl, radical, or isomers of 
propylene oxide or:derivatives theréof, i. e., of an 
aldehyde, ketone, or allyl alcohoL In some in- 
: 

stances an attempt to. react the stoichiometric 
amount of a. polycarboxy acid with the oxypro- 
pylated derivative results in an excess of the car- 
boxylated reactant for the reason that appar- 
25 ently under conditions of reaction less reactive 
hydroxyl ràdicals are present than indicated by 
the hydroxyl value. Under such circumstances 
there is simply a residue of the carboxylic re- 
actant which can be removed by filtration or, if 
30 desired,, the esteriflcation procedure can be re- 
peated using an appropriately reduced ratio of 
carboxylic reactant..'- 
Even the determination of the hydroxyl value 
and conventional procedure leaves much to be 
35 desired due either to the cogeneric materials prer 
viously referred to; .or for that matter, the pres- 
ence of any inorganic Salts or propylene oxide. 
Obviously this Oxide should be eliminated. 
The solvent empl0yed, if any, can be removed 
40 from th flnished ester by distillation and par- 
ticularly vacuum distillation. The final prod- 
ucts Or liquids are generally light straw to light 
amber  incolor,, and. show moderate viscosity. 
They Can be bleached with bleaching clays, fil- 
45 tering chars-and the like. However, for the pur- 
pose Of demulsiflcation or the like coloris nota 
factor and decolorization is not justifled. 
In the above instances I have permitted the 
solvents to remain present in the final reaction 
50 mass. In-other instances I bave followed the 
saine procedure using decalin or a mixture of 
decalin or benzene in the saine manner and ulti- 
mately removed all the solvents by vacuum dis- 
tillation. Appearances of the final products are 
55 much the same as the diols before esterification 
and in some instances were somewhat darker in 
Color and had a reddish cast and perhaps some- 
what more viscous. 
PART 4 
Previous reference has .been ruade to the fact 
that diols such as polypropyleneglycol of ap- 
proximately 2,000 molecular weight, for example, 
bave been esterifled with dicarboxy acids and 
li employed as demulsifying agents. On flrst 
examination .the difference between the herein 
described products and such comparable products 
appears to be rather insigniflcant. In fact, the 
difference is such that it fafls to explain the 
0 Iact that compounds of the kind herein described 
may be, and frequently are, 10%, 15% or 20% 
better on a quantitative basis than the simpler 
compound previously described, and demulsify 
ïaster and give cleaner off in many instances. 
75 The method, of making such comparative tests 
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has been described in a booklet entitled "Treat- 
ing Off Field Emulsion," used in the Vocational 
Training Courses, Petroleum Iudustry Series, of 
the American Petro!eum Institute. 
The difference, of course, does hot reside in 
the carboxy acid but in the diol. Mornentarily 
an effort will be rnade to ernphasize certain things 
ii regard to the structure of a polypropylene 
glycol, such as polypropylene glycol of a 2000 
rnolecular weight. Propylene glycol has a pri- 
rnary alcohol radical and a secondary alcohol 
radical. In/this sense the building unit which 
forms polypropylene glycols is not syrnmetrical. 
Obviously, then, polypropylene glycols can be 
obtained,, at least theoretically, in which two 
secondary alcohol groups are united or a sec- 
ondary alcoh01 group is united fo a primary alco- 
hol group, etherization being involved, of course, 
in each instance. 
Usually no effort is rnade to differentiate be- 
ween oxypropylation taking place, for example, 
af the primary, alcohol unit radical or the sec- 
ondary, alcohol .radical. Actually, when such 
producçs are obtained, such as a high rnolal poly- 
propylene glyc01 or the products obtained in the 
rnanner herein described one does not obtain a 
single derivative such as I-IO (1O.) I-I in which 
n has one and only one value, for instance, 14, 
15or 16 or the like. Rather, one obtains a 
cogeneric :mixture of closely related or touch- 
ing homologues. These materlals invariably bave 
high molecular weights and cannot be separated 
îrorn one another by any known procedure with- 
out decornposition. The properties of such mix- 
ture represent the contribution of the various 
indi/dual mernbers of the mixture. On a 
statistcal asis, of course; n can be appropriately 
specified. For practical purposes one need only 
consider the oxypropylation of a rnonohydric 
alcohol because in essence this is substantially 
the mechanism involved. Even in such instances 
where one is concelïed with a rnonohydric re- 
actant one cannot draw a single formula and say 
that by following such procedure one can readily 
obtain 80% or 90% or 100% of such compound. 
ttóweyer, in the case of at least rnonohydric 
iriitiaireàctants 0ne can readily draw the 
forrnulas of a large nùmber of compounds which 
appear in sorne of the probable mixtures or can 
be prepared s cornponents and mixtures which 
ste inufactured, conventionally. 
r. I-Iwever, mornentarily réferring again to a 
rnonohydric initial reactant it is obvious that if 
one selects any such simple hydroxylated com- 
pound and subjects such compound fo oxyalkyla- 
tion, such as oxyethylation, or oxypropylation, it 
becornes obvious that one is really producing a 
polyrner of the alkylene oxides except for the 
terminal group. This is particularly true where 
the-arnount of oxide added is cornparatively 
large, for instance, 10, 20, 30, 40, or 5D units. If 
such cërnp6und is subjected to oxyethylation so 
as rbintroducè 30 units of ethylene oxide, if is 
well lïuownthat"one doesnot obtain a single 
constituent whiCh, for the sake of convenience, 
rnay be indicated as IO(C2HO)soOI-I. Instead, 
one obtains a cogeneric mixture of closely re- 
làted homologues, in which the ïorrnula rnay .be 
shown as the following, R-O(C2HO.)H, wherein 
n, as far as the statistical average goes, is 30, 
but the individual rnernbers present in significant 
amount may vary from instances where  has 
a.value of 25, and perhaps less, to a point where 
 rnay represent 35 or more. Such mixture is, 
as stated, a cogeneric close!y related series of 

touching homologous cornpounds. Considerable 
investigation has been made in regard to the 
distribution curves for linear polyrners. Atten- 
tion is directed to the article entitled "Funda- 
G mental principles of condensation polyrneriza- 
tion," by Flory, which appeared in Chernical le- 
views, volume 39, No. 1, page 137. 
Unfortunately,. as has been pointed out by 
Flory and other investigators, there is no satis- 
factory rnethod, based on either experimental or 
rnathernatical examination, of indicating the 
exact proportion of the various rnembers, of 
touching hornologous series which appear in 
cogeneric condensation products of the kind de- 
scribed.. This means that frorn the practical 
standpoint, i. e., the ability to describe how to 
rnake the product under consideration and how 
to repeat such production tirne after rime with- 
out difliculty, if is necessary to resort to some 
other rnethod of description, or else consider the 
value of , in formulas such as those which have 
appeared previously and which appear in' the 
clairns, as representing both individual con- 
stituents in Which  has a single ,definite value, 
25 and also with the understanding that n repre- 
sents the average statistical value based on the 
assumption of cornpletenessof reaction. 
This may be illustrated asfollows: Assume that 
in any particular examplethe molal ratio of .the 
30 propylene oxide fo the diol is 15 to 1. Actually, 
one obtains products in which n probably varies 
frorn 10 to 20, perhaps even further. The aver- 
age value, however, is 15, assuming, as previously 
stated, that the reaction is complete. The .prod- 
5 uct described by the formula is best described also 
 in terms of method of manufacture. 
I-Iowever, in the instant situation if becomes 
obvioùs that if an ordinary high molal propylene- 
glycol is compared to strings of white beads of 
40 variouS lengths, the diols heréin ernployed as in- 
termediates are characterized by the presence of 
 black bead, i. e4a radicalwhichcorresponds 
to the glycerol ether-of  hexyl"alc0hol, partic- 
ularly normal hexanol as previously described, 
45 i.e., the radical. 
50 Furthermore, if becornes obvions now that one 
bas a nonsymmetricai radical in the maj0rity of 
cases for reason that in that cogeneric mixture 
going back fo the original formula 
o .o 
55 (RO 0 C),,RC (0 C])»O l=t 0 (C]=L O) , l=t (C 0 0 ]) ,, 
n and n' are usually not equal. " For instance, if 
one introduces 15 moles of propylene oxide, n and 
n' could not be equal, insofar that the nearest 
approach to equality is where the value of n' is  
60 and n is 8.- ttowever, evenin the case of aneve n 
number Such as 20, 30, 40Or 50;iris als0 obvious 
that n and n' will not be equaI in light of what 
bas been said pre)iously. Both Sides of the 
molecule are not going to grow with equal rap= 
65 
idity, i. e., to the same size. ehus the di01 herein 
employed in differentiated from polypropylene 
diol 2000, for example, in that (a) it carries a 
heterogeneous unit, i. e., a unit other than a 
70 propylene glycol or propylene oxide unit, (b) 
such unit is off center, and (c) the"effect oï that 
unit, of course, must bave some effect in the 
range with which the linear molecules can be 
 drawn together by hydrogen binding or van der 
75 Wa!ls forces, or whatever else may be inv01ved. 
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What has been said previously can be em- 
phasized ih the ïollowing manner. It has been 
pointed òUt Previous]Y that in the last ïormula 
immédiately preceding, n or n' c0uld be zero. 
Under the conditions of mgnufacture as de- 
scribed in Part 2 itis extremely un]ikely that n 
is ever zero. However, such compounds can be 
prëPared readily with comparative]y little diflï- 
dulty by resorting to a blocking effect or reac- 
tion. For instance, if the g]ycerol ether as pre- 
vious]y described is esterified with a ]ow molal 
acid such as ácetic acid mo]e f_or mo]e and such 
product ubjeted to oxyalky]ation using a cata- 
]ys, such as sodium methy]ate and guarding 
agains the presence of any water, it becomes 
evident that ail the propy]ene oxide introduced, 
for instance 15 to 80 mo]ecu]e per po]yhydric 
cohol necessari]y must enter atone side on]y. If 
such product is then saponified so as to decom- 
pose theacetic acid ester and then acidified so as 
to ]ibergte the watér-so]ub]e acetic acid and the 
water-inso]uble dio] a separation can be made 
and such dio] then subjected fo esterification as 
described in Part 3, preceding. Such esters, of 
course, actua]]y represent products where either 
n or n' is zero. A]so intermediate procedures can 
be emp]oyed,-i, e., fol]owing the same esterifica- 
tion step after partial oxypropy]ation. For in 
stance, one might oxypropy]ate with one-ha]f the 
ultimate amount of propy]ene oxide tobe used 
and then stop the reaction. One cou]d then 
convert this partial oxypropy]ated intermediate 
into an ester by reaction of one mole of acetic 
acid with one mo]e of dio]. This ester could then 
be oxypropy]ated with ail the remaining propy]- 
ene oxide. The fina product so obtained cou]d 
be saponified and acidified So as to e]iminate the 
water-so]ub]e acetic acid and free the obviously 
unsymmetrica] diol which, incidentally, shou]d 
a]so be kerosene-solub]e. 
From a practical standpoint I have round no 
advantage in  going to this extra step but it does 
emphasize the difference in structure between 
the herein described dio]s emp]oyed as inter- 
mediates and high mo]al polypropy]ene g]yco], 
such as po]ypropylene g]yco] 2000. 
The most signiflcant fact in this connection 
is the fo]lowing. The c]aims hereto attached 
are directed to a very specific compound, i. e., 
one derive d by the oxypropylation of the g]ycero] 
ether of .hexy] alcohol. I-have prepared a hum- 
ber of other dihydric compounds which were 
simi]ar, such as compounds obtained by the 
treatment of g]ycol ethers with a mole of g]ycide. 
The dihydroxy compounds obtained were then 
treated'with po]ycarboxy acids in the saine 
manner as herein described in connection with 
the g]ycol ether of normal hexano] or the ]ike. 
Among such g]yco] ethers emp]oyed were the 
fo]lowing: Monomethyl ether; ethy]ene g]yco] 
ethylbutyl-ether; ethy]ene glyco] monophenyl 
ether; ethy]ene g]ycol monobenzy] ether; dieth- 
ylene glyco] monomethy] ether; diethyleneg]yco] 
monoethy] ether; and diethy]ene g]ycol mono- 
butyl ether. 
-I have taken each and every one of these 
glyco] ethers and, as a marrer of fact, a large 
number of ethers, subjected them to reaction 
with. glycide and then oxypropylated the com- 
pounds and esterified them in the manner de- 
scribed in the instant application. I have tested 
ail these products for demulsification and at 
]east to date I have hot ïound another ana]og- 
ous compound equa]]y effective for demu]sifica- 
tion and a]so ïor certain other applications in 
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which surface activity is involved. At the mo- 
ment, based on this knowledg e, this particular 
compound appears unique for reasons hot under- 
stood. 
5 PART 5 
Conventiona] demulsifying agents employed in 
the treatment of off field emu]sions are useil as 
such, or after dilution with any suitab]e solvent, 
10 such as water, petroleum hydrocarbons such as 
benzene, toluene, xylene, tar acid off, creso], an- 
thracene off, etc. Alcoho]s, particularly ali- 
phatic alcohols, such as methyl a]cohol, ethyl 
a]coho], denatured a]coho], propy] alcohol, butyl 
15 alcoho], hexyl a]cohol, octyl a]cohol, etc., may 
be emp]oyed as diluents. Miscel]aneous solvents 
such as pine off, carbon tetrach]oride, su]fur 
dioxide extract obtained in the reflning of petro- 
leum, etc., may be emp]oyed as diluents. Simfl- 
20 ar]y, the material or materia]s employed as the 
demu]sifying agent oï my pocess may be ad- 
mixed with one or more of the solvents cus- 
tomari]y used .in connection with conventional 
demu]sifying agents. Moreover, said material or 
25 materials may be used a]one or in admixture 
with other suitab]e we]]-known classes of de- 
mu]sifying agents. 
Itis we]] known that conventional demu]sify- 
ing agents may be used in a.water-soluble form, 
30 or in an oi]-so]uble form, or in a form exhibit- 
ing both off- and water-solubflity. Sometimes 
they may be used in a form which exhibits rela- 
tive]y ]imited oil-so]ubi]ity. However, since 
such reagents are frequent]y used in a ratio of 
35 1 t0 10,000 or 1 to 20,000 or 1 fo 30,000, or even 
1 fo 40,000, or 1 to 50,000 as in desalting practice, 
such an apparent insolubi]ity in off and water 
is hot sioïaificant because said reagents undoubt- 
ed]y have so]ubi]ity within such concentrations. 
4o This same fact is true in regard to the material 
or Tnateria]s emp]oyed as the demulsifying agent 
oï my process. 
In practicing my process for reso]ving petro- 
]eum emu]sions of the water-in-oi] type, a treat- 
45 ing agent or demu]sifying agent of the kind 
above described is brought into contact with or 
caused to act upon the emu]sion tobe treated, 
in any of. the various apparatus now generally 
used to reso]ve or break petro]eum emulsions 
50 with a chemica] reagent, the above procedure 
being used a]one or in combination with other 
demu]sifying-procedure, such as the electrical 
dehydration process. 
One type of procedure is to accumulate a vo]- 
55 ume of emu]sified off in a tank and conduct a 
batch treatment tYpe of demulsiflcation pro- 
cedure to recover clean off. In this procedure 
the emulsion is admixed with the demulsifler, 
for examp]e by agitating the tank of emulsion 
60 and s]ow]y dripping demulsifler into the emul- 
sion. In some cases mixing is achieved by heat- 
ing the emu]sion while dripping in the demulsi- 
fie, depending upon .the convection currents in 
the emulsion to produce satisfactory .admixture. 
65 In a third modification of this tYpe of treat- 
ment, a circu]ating pump withdraws emulsion 
from, e. g., the bottom of the tank, and rein- 
troduces it into the top of the tank, the demulsi- 
fier being added, ïor examp]e, at the suction side 
70 of said circu]ating pump. 
In a second type of treating procedure, the 
demu]sifier is introduced into the we]l fluids at 
the we]]-head or af some point between the wel- 
head and the final off storage tank, by means 
,5 oï an adjustab]e proportioning mechanism or 
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proportioning pump. Ordinarily the flow of 
fluids through the subsequent lines and flttings 
suflices to produce the desireddegree of mixing 
of demulsifier and emulsion, although in some 
instances additional mixing devices may be in- 
troduced into the flow system. In this general 
procedure, the system may include various 
mechanical devices for withdrawing free water, 
separating entrained water, or accomplishing 
quiescent settling of the chemicalized emulsion. 
Heating devices may likewise be incorporated in 
any of the treating procedures described herein. 
A third type of application (down-the-hole) of 
demulsifier fo emulsion is fo htïeduce the de- 
mulsifler either periodically or centinuously in 
diluted or undiluted form into the well and fo 
allow if fo corne to the surface with the well fiuids, 
and then to flow the chemicalized emulsion 
through any desirable surface equipmint, such 
as employed in the other treating procedures. 
This particular type of application is decidedly 
useful when the demulsifier is used in connec- 
tion with acidification of calcareous oil-bearing 
strata, especially if suspended in or dissolved in 
the acid employed for acidification. 
In all cases, it will be apparent from the fore- 
going description, the broad processConsists 
simply in introducing a relatively small propor- 
tion of demulsifier into a relative]y ls, rge propor- 
tion of emulsion, admixing the chemical and 
emulsion either through natural flow or through 
special apparatus, with or without the applica- 
tion of heat, and allowing the mixture fo s.and 
quiescent until the undesirable water content of 
the emulsion separates and settles from the mass. 
The following is a typical installation. 
A reservoir to hold the demulsifier of the kind 
described (diluted or undiluted) is place af the 
well-head where the effluent liquids ieave the well. 
This reservoir or container, which may vary from 
5 gallons fo 50 gallons for convenience, is con- 
nected fo a proportioning pump which injects the 
demulsifier drop-wise into the fiuids leaving the 
well. Such chemicalized fluids pass through the 
flowline into a settling tank. The settling tank 
consists of a. tank of any convenient size, for in- 
stance, one which will hold amounts of fiuid 
produced in 4 to 24 hours (500 barrels to 2000 
barrels capacity), and in which there is a per- 
pendicular conduit from the top of the tank fo 
almost the very bottom so as fo permit the 
coming fluids to pass from the top of the settling 
tank to the bottom, so that such incoming fiuids 
do hot disturb stratification which takes place 
during the course of demulsification. The settling 
tank bas two outlets, one being below the water 
level fo drain off the water resulting from de- 
mulsification or accompanying the emulsion as 
free water, the other being an oil ourlet at the top 
to permit passage of dehydrated oil fo a second 
tank, being a storage tank, which holds pipeline 
or dehydrated oil. If desired, the conduit or pipe 
which serres fo carry the fluids from the well fo 
the settling tank may include a section of pipe 
with baffies to serve as a mixer, fo insure thorough 
distribution of the demulsifier throughout the 
fiuids, or a heater for raising the temperature of 
the fluids fo some convenient temperature, for 
instance, 120 ° to 160 ° F., or both heater and 
mixer. 
Demulsification procedure is started by simply 
setting the pump so as fo feed a comparatively 
large ratio of demulsifier, for instance, 1:5,000. 
As. soon as a complete "break" or satisfactory de- 
mulsification is obtained, the pump is regulated 

22. 
until experience shows that the amount of de- 
mulsifler being added is just sufficient to produce 
clean or dehydrated oil. The amount, being fed 
at such stage is usually 1:10,000, 1:15,000, 
5 1:20,000, or the like. 
In many instances the oxyalkylated products 
herein specified as demulsifiers can be conveni- 
ently used without-dilution. However, as pre-- 
viously noted, they may be diluted as desired with 
10 any s,itable solvent. For instance, by .mixing 
75 parts by weight of an oxyalkylated derivative, 
for example, the product of Example 3c w.ith 15 
parts by weight Of xylene and 10 parts by weight 
of isopropyl alcohol, an excellent demulsifler is 
!5 obtained. Selection of the solvent will.vary, de- 
pending uPon the solubility characteristics of the 
oxyalkylated product, and of course will be dic- 
tated in part by economic considerations , i. e., 
cost. 
2o As noted above, the products herein described 
may be used hot only in diluted form, but also may 
be used admixed withsome other :chemïcat de- 
mulsifler. A mixture Which illutrates.such»c0m 
bination is the following:  - 
25 Oxyalkylated derivative, for example, the prod- 
uct of Example 3c, 20%; 
A cyclohexylamine salt of a polypropylated 
naphthalene mono-sulfonic acid, 24%; 
An ammonium sal of a polypropylated naph- 
3¢1 thalene mono-sulfonic acid, 24% ;. 
A sodium salt of. oilsoluble mahogany petrole 
um sulfonic acid, 12 %; 
A high-boiling.aromatic petroleum solvent, 
5 Isoproyl alcohol, 5%. 
The above proportions are all weight percents. 
Having thus described my invention what I 
claire a new and desire fo secure by Letters 
Patent, is .,, ï 
4o I. A process for breaking petroleum emulsions 
of the water-in-oil type characterized by sub- 
jecting the emulsion to the action of a demulsifier 
including.-hydrophile Synthetic prdducts said 
hydrophflé :sntietic - Products beig-, charactr- 
(HOOC)"RC(oH«)OR, O(CHO),,,CR(CO:OH)t, 
in which R' is the radical.of a glycerol ether of 
:50 a hexyl alcohol; n and n' are numerals with the 
proviso that n and n' equai a sure varying from 
15 to 80, and n" is a Whole number hot over 2, and  
t is the radical of the polybasic acid 
COOH 
(cool),,, 
in which n" bas ifs previous signtflcance, and 
60 with the further proviso that the parent dihy- 
droxylated compound prior to estertflcation by 
water-insoluble. 
2. A process ïor breaking petroleum emulsions 
o.î the water-in-oil type characterized by sub- 
65 jecting the emulsion fo the action of a demulsifler 
including hydrophile synthetic products; said 
hydrophile synthetic products being character- 
ized by the following formula: 
O O 
0 (HO O C),,R (O CH)O R O (CHO),C R(C 00H),, 
in which R' is the radical of a glycerol ether of 
a hexyl alcohol, in vhich the hexyl radical is that 
of normal hexy] alcohol; n and n' are numerals 
 with the proviso that n and n' equal a sure vary- 
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ing from 15 to 80, and n" is a whole number hot 
over 2, and 1%is the radical of the polybasic acid 
COOH 
(cooH),,, : 
in which n'" has its previous significance, and 
with the further provisothat theparent dihy- 
droxylated compound prior to esterification be 
water;insoluble. 
3. A process for breaking petroleum emulsions 
of: the wter-in-oil type-' characterized ,by sub- 
jecting the emulsion to the action. Of a demul- 
sifier including hydrophile synthetic products; 
said hydr01hile synthetic products being charac- 
terized bY the following formula: 
o o 
(o o c):.,,(o c,m),o'o(c3mo)., (c o o)«, 

in which n" bas its previous significance, said 
polycarboxy acid having hot over 8 carbon atoms; 
and 'with the ïurther proviso that the parent di- 
hydroxylated compound prior to esterification be 
5 water-insoluble and at least kerosene-lispersible. 
5. A process ïor breaking petroleum emulsions 
oï the water-in-oil type characterized by sub- 
jecting the emulsion to the action oï a demulsifier 
including hydrophile synthetic products; said hy- 
10 drophile synthetic products being characterized 
by the following formula: 
O O 
(Ho oc)(o c3mi.o ,0(cmo)o, (c o oH - 
15 in which 1%' is the radical oï a glycerol ether of 
a hexyl alcohol, in which the hexyl radical is that 
of normal hexyl alcohol; n and n' are numerals 
with the proviso that n and n' equal a sure vary- 
ing from 15 to 80, and 1% is the radical of the 

in which 1%' is the. radical of a glycerol ether of 20 carboxy acid 

 hexyI alcohol, in which the hexyl radical is that 
ofa normal"hexyl alcohol;  and ' are numerals 
with..the .proviso that n and ' equala sum.vary- 
ing from 15 fo 80, and n! is :a whole number hOt 
over 2, and 1% is the radical of. the polybasic acid 
co0H 
/ 
.. (CO OH).,,  
in which n" has ifs previous significance, and 30 
with the îurther proviso that the parent dihy- 
droxylated compound prior t6 esterification be 
water-insoluble and af least kerosene-dispersible. 
4. A process for breaking petroleum emulsions 
of the water-in-oil type .characterized by sub- 35 
jecting the emulsion to the action of a demul- 
sifier: including hydrophile synthetic products; 
said hYdrophile synthetic products being charac- 
terized by the following formula: 
4O 
 ' "O O 
in which,1% is the radical of a glycerol ether of a 

CoOH 
\ 
COOH ,  
said dicarboxy acid having not over 8 carbon 
atoms; and with the further proviso that the 
parent dihydroxylated compound prior to esteri- 
fication be water-insoluble and at least kerosene- 
dispersible. 
6. The process of claire 5 wherein the dicarboxy 
acid is phthalic acid. - - 
7. The process of claire 5 wherein the dicarboxy 
acid is maleic acid. 
8. The process of claire 5 wherein the dicarboxy 
acid is succinic acid. 
9. The process of claire 5 ,wherein thè dicarboxy 
acid is citraconic acid. 
10. The process of-claire 5 wherein the dicar- 
boxy acid is diglycollic acid. 
NLELVIN DE G1%O.OTE. 
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